Reactions of 1,2-dehydro-o-carborane, a benzyne analogue, and three boron-substituted o-carboranylcarbenes are described. Dehydro-o-carborane contains a reactive, but normal "dehydro" bond. The carbenes show exceptional triplet reactivity.
H
In this and all subsequent figures the dots represent carbons. The other vertices are borons and there is a hydrogen at every unencumbered vertex. 
FORMATION A N D REACTIONS OF 1,2-DEHYDRO-o-CARBORANE
Dehydroaromatic molecules can be formed in a variety of ways. One of the earliest discovered uses the elimination of halide from an a-halo anion (ref. 3 ). An effective procedure for 1 first forms the dianion 4 by deprotonation of o-carborane with two equivalents of butyllithium. Precipitated 4 is then treated with a single equivalent of bromine at 0 "C to form the soluble bromo anion 5 . Addition of 10 equivalents of furan to the solution of 5 followed by reflux in ether leads to adduct 6 in 25% isolated yield (ref. A more versatile trapping agent, 2,3-dimethyl-l,3-butadiene, provides avenues for three kinds of reaction, 2 + 4 cycloaddition (Diels-Alder reaction), 2 + 2 cycloaddition, and the ene reaction, a 2 + 4 cycloaddition in which a carbon-hydrogen bond plays the part of one of the diene double bonds. Benzyne is known to undergo all three kinds of reaction, with the ene process strongly preferred (ref. 5). 1,2-Dehydro-o-carborane is remarkably similar to dehydrobenzene in its reactions with this molecule. The three possible processes all occur, giving adducts 7 , 8 , and 9. As for benzyne, it is the ene product that dominates. The most important difference between 1 and benzyne is the apparent lack of stereospecificity in the 2 + 4 reaction. We think this difference springs simply from the relative importance of the 2 + 2 reaction for 1,2-dehydro-o-carborane. Although generally something of a poor relation in the house of thermal reactions, the ene reaction is nonetheless closely related to the more extensively documented "diene," or DielsAlder reaction. Both the ene and Diels-Alder reactions are 2 + 4 cycloadditions, and therefore both are likely to be concerted. Investigations of the mechanism of the ene process have shown that this is generally the case (ref. 7). Three general mechanisms can be written, a concerted 2 + 4 cycloaddition, and two step-wise processes, abstraction-recombination and addition-hydrogen shift. The absence of allylic rearrangement in ene reactions of 1 rules out abstraction-recombination, and the sole formation of unrearranged "ene" products (1 7) from reaction of 1 with P-pinene makes addition-hydrogen shift most unlikely (ref. 8).
In sum, we see 1 as an intermediate best formulated as a "normal" dehydro compound, possessing a symmetrical HOMO and unsymmetrical LUMO. There are differences between dehydro-o-carborane and dehydrobenzene in the details of reaction preferences, conceivably largely dependent upon the increased steric demands of 1, but an overall view of reactivity shows the two to be quite similar.
0-CARBORANYLCARBENES
One theme in the exploration of carbene chemistry over the last three decades has been the differentiation of singlet and triplet reactions (ref. Almost no experimental attention has been paid to the other side of the periodic table where relatively electropositive elements dwell, and where empty orbitals tend to be more prominent than filled. However, theoretical work gives us an idea of what to expect. For an atom such as boron, the presence of an empty p orbital should stabilize the singlet state through overlap with the filled orbital of the divalent carbon. In this case, however, there is a compensating effect stabilizing the triplet state. This operates through the o system and depends upon the electronegativity difference between the two atoms. The effect is to donate electrons through the osystem, and for atoms less electronegative than carbon favors the triplet state. Thus, for a simple boron-substituted carbene such as HC-BH2, there should be compensating effects stabilizing both the singlet and triplet states. Calculations bear this out, with the most recent efforts predicting the two spin states to be close in energy. In the most simple example, triplet HC-BH2 is the predicted ground state by 4-6 kcal/mol (ref. 11) .
We have developed a route to boron-substituted carbenes through manipulations of substituted o-carboranes. Although this does yield a carbene adjacent to a boron atom, it must be emphasized that this is no ordinary boron. In particular, the empty 2p orbital, so influential in the chemistry of "normal" tri-substituted boranes, is largely absent, as it is occupied in the web of three-center, two-electron bonding making up the icosahedral cage. Although the singlet-stabilizing II effect seems likely to be largely absent in a carboranylcarbene, the triplet-stabilizing cr effect remains. So, our preliminary expectation was that a boron-substituted carboranylcarbene might show enhanced triplet reactivity.
The new carbenes are generated by the traditional route, photolysis of a diazo compound. The reactions of carbenes 2 with alkenes lead to products other than cyclopropanes. Intermolecular carbon-hydrogen insertions give alkenes and intramolecular insertion produces the "cyclobutanes" 2 2 or 2 3. Substantial amounts of 3-methyl-o-carboranes (2 4, 2 5, and 2 6) are formed as well.
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In order to investigate the amount of triplet carbenes in the allylic insertion reaction, deuterium-labelled isobutylene was used as a substrate for 2 a. The triplet should reveal itself through the formation of rearranged compounds formed through an abstraction-recombination reaction. Analysis of the crude products by H NMR spectroscopy showed only small amounts of protium in the position of absorption of the terminal methylenes of 27 (5-1 0 Yo).
Although it was not possible to make an accurate quantitative determination of the amount of triplet participation in allylic insertion, clearly the insertion product was overwhelmingly 2 7, the isomer derived from the singlet, not 2 8, the isomer diagnostic for the triplet. It appears that the boron-substituted carbenes 2 give cyclopropanes and insertion products largely through their singlet states. What, then, of our expectation of increased triplet reaction? Where is the triplet? The answer seems to be, "In the methyl groups of 2 4 , 2 5, and 2 6." These compounds must arise by a double abstraction reaction and are most reasonably attributed to the triplet. In order to test this notion and to verify our mental separation of products into those formed from singlet (cyclopropanes of retained stereochemistry and most insertion products) and triplet products ("wrong" cyclopropanes plus an estimated portion of the other cyclopropanes, and methyl compounds) we repeated the reaction of 2 c with cis-2-butene in an atmosphere of oxygen. Oxygen is a known trap for triplets, and should reduce or eliminate compounds that owe their origin to a triplet reaction (ref. 13 ). The figure shows the products of the reaction of 2c with cis-2-butene in the absence and presence of oxygen. As predicted, the products attributed to triplet carbene, the trans cyclopropane and methyl compound 2 4, are greatly diminished. It is now reasonable to provide a new estimate of the amount of triplet reactivity present in the reactions of carbenes 2a-c with cis-and Ifans-2-butenes (Table) . 
